The generation of the high species diversity of insects in Japan was profoundly influenced by the 16 formation of the Japanese Archipelago. We explored the species diversification and biogeographical 17 history of the Nemouridae family in the Japanese Archipelago using mitochondrial DNA and nuclear 18 DNA markers. We collected 49 species among four genera: Indonemoura, Protonemura, 19
Introduction 33
The East Asian region-and in particular, the Japanese Archipelago-is considered to have 34 high insect biodiversity [1] , [2] . The high degree of Japanese insect biodiversity is a result of several 35 mechanisms-in particular, the complex geological history. The Japanese Archipelago originated in 36 the middle of the Miocene [3] as an independent formation of eastern and western Japanese 37 landmasses. Extensive geographical changes and large-scale climatic changes throughout the islands 38 facilitated the subsequent connection and disconnection of Japanese landmasses from the Eurasian 39 continent, and the formation of tectonic lines (as the median tectonic line, MTL; and the Itoigawa-40 Shizuoka tectonic line, ISLT) [3] , [4] , [5] . These geological events-allowing for the colonisation of 41 insects from the continent and their subsequent diversification as endemic lineages (i.e. new 42 species)-contributed substantially to the high diversity of insects in Japan [2] . 43
The process of species diversification has been intensively explored through 44 phylogeographical approaches [6], [7] . These approaches have allowed for the observation of the 45 historical process responsible for the current geographical distribution of individuals [6] . Molecular 46 approaches to phylogeographic studies, using specific genes-such as mitochondrial DNA (mtDNA) or 47 nuclear DNA (nDNA)-allow for a better understanding of species diversity by resolving complex 48 taxonomic groups of species (for instance, cryptic species and species groups) [7] . Molecular 49 phylogeography has provided valuable insights into the historical process of Japanese Archipelago 50 formation underlying insect diversification. Previous studies identified genetic differentiation within 51 species between the Japanese landmasses and the Eurasian continent (for instance, the mayflies 52
Isonychia japonica [8] ; caddisflies Palaeagapetus spp. [9] ; and beetles Ohomopterus spp.
[10] and the 53 Carabina subtribe [11] ). Dispersal events via land bridges (islands between continents) from the 54 Eurasian continent to the Japanese Archipelago (of, for instance, the orthopteran Locusta migratoria, 55
[12]; mayflies Ephron spp., [13]) or, in reverse, from the Japanese Archipelago to the Eurasian 56 continent (of, for instance, water bugs Appasus spp., [14] ) were additionally identified before, during 57 and after the formation of the Japan Archipelago. 58
Aquatic insects have advantages in the studies of phylogeography, as their specialised 59 ecological requirements and habitat range make aquatic insect species susceptible to geological 60 changes. Among the Plecoptera order [15], the family Nemouridae is one of the largest and most 61 dominant aquatic insect groups. The family comprises 20 genera and more than 400 species 62 DNA extraction, amplification and sequencing 109 We genetically analysed a total of 289 individuals, out of which 189 were from East Asia 110 (males, 97; females, 92) and 100 were from North America (males, 92; females, 8). We extracted 111 genomic DNA individually using DNeasy tissue kits (Qiagen GmbH, Hilden, Germany), following the 112 manufacturer's instructions. We amplified a 658-bp fragment of mtDNA cox1 using LCO-1490 and 113 HCO-2198 primers [33] with an annealing temperature of 38°C and 40 PCR cycles. Further, we 114 amplified a 328-bp fragment of nDNA marker histone 3 (H3) using the universal primers H3F and H3R 115
[34] with an annealing temperature of 58°C and 40 PCR cycles. We purified the PCR products using 116 the QIAquick PCR Purification Kit (Qiagen GmbH, Hilden, Germany) and sequenced them in both 117 directions using the same primers as mentioned above. Cox1 and H3 sequences were sequenced by 118 Eurofins Operon (Tokyo, Japan). All sequence data reported here have been deposited in GenBank. 119 120 Sequence analysis 121 We assembled and edited forward and reverse sequences using CodonCode Aligner v 3.5 122 (Codon Code Corporation, Dedham, USA). All sequences were aligned using ClustalW 123 we performed MCMC for 50 million generations, and log dating trees (BEAST parameters) for every 160 5000 generations. We tested the output files for convergence after removing a 10% burn-in by 161 examining the effective sampling size using Tracer v1.5 [50] . We pooled the four resulting output trees 162 from biogeographical calibration analysis into a single tree. We then pooled the resulting single tree 163 from biogeographical branch calibration and the single tree from fossil calibration analyses into a 164 single tree. We performed all pooling analyses using Log Combiner v1.6.1 (BEAST package) 165 summarised with Tree Annotator (BEAST package) and visualised using FigTree v1.3.1 [51]. We 166 performed the analyses for cox1 and H3 separately. The incongruence length difference test (ILD) [52] 167 was conducted to test the congruence of tree topologies between cox1 and H3 using Tree Analysis 168 Technology (TNT) [53] . ILD test revealed no significant differences in terms of the Bayesian tree 169 topologies between cox1 and H3 (P = 0.8); therefore, both markers were polled into a single tree for 170 further analysis. 171 172 H3 sequences (S1, S2 Fig) . In total, for cox1 and H3, we identified 128 and 68 haplotypes, respectively. 189
Phylogenetic analysis between Nemoura from Japan and North America
The GMYC model of cox1 delimited 61 putative DNA-species (S1 Table) The Bayesian phylogenetic trees for cox1 and H3 showed tree topology similarity (ILD test, P 207 = 0.8). Three clades corresponded to the three families-Protonemura, Amphinemura and 208 Nemoura-whereas Indonemoura was divided into two clades-the Mainland China clade, clustered 209
with Protonemura, and the Japanese clade (Fig 2) . 210
The evolutionary divergence between the Nemouridae and Capniidae families was settled at 211 180 Ma, with a 95% HPD interval of 160 to 198 Ma, in the Jurassic geological period (Fig 2, S3 and 
Phylogeographic pattern between Nemoura from Japan and North America

232
DNA sequences in the Japanese clade of Indonemoura (single species, I. nohirae) showed a 233 high homology with those in the Alaskan species of Z. columbiana (COI: KM874174; >93% sequence 234 similarity) and Z. cinctipes (H3: EF622600; >98% sequence similarity) based on blastn results. The ML 235 phylogenetic trees for both cox1 and H3 (Fig 3) showed that the Indonemoura Japanese clade 236 clustered with three North American species (Z. columbiana, Z. cinctipes and P. delicatula) and the 237
Indonemoura Mainland China clade clustered with the East Asian Nemouridae genera (Nemoura, 238
Protonemura and Amphinemura). The pairwise nucleotide substitution rate based on cox1 between 239 the Indonemoura Japanese clade and Zapada spp. or P. delicatula from North America ranged from 240 0.13 to 0.15, whereas a higher pairwise nucleotide substitution rate based on cox1 of 0.26 was 241 observed between the Indonemoura Japanese and Mainland China clades (Table 2) [5] . We found supporting evidence on the genetic 307 diversity of these eight species. We found a larger mean nucleotide substitution rate and haplotype 308 number in the Honshu region than in other islands ( Table 1) Finally, our inference of divergence time was based on the coalescent simulation approach. 338
Despite the frequent use of this approach, a biased sampling of lineages and extreme state-dependent 339 molecular substitutions rate heterogeneity are known to potentially cause erroneous inference of 340 
